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The increasing use of water-meters, and the rapidly growing 
sentiment in favor of their application, is leading to the more gen- 
eral testing of meters by water works officials; as also to more 
exacting requirements respecting their performance, and especially 
is this the case regarding the low-rate registration of the smaller sizes 
of meters used in domestic service. This observation at once leads 
to the query: Is it not time that more uniform methods of testing 
be adopted by the purchasers of meters; especially in the smaller 
calibres for domestic use? 

It is believed that the question answers itself affirmatively; but 
among the reasons leading to this conclusion it may not be amiss to 
mention that, as between the purchaser and the manufacturer, the 
advantage would be mutual; the single illustration sufficing that 
the conditions are here almost identical with that of uniform stand- 
ards in pipe-threads and flanges. 

The corollary, then, is query number two. In what particulars 
of meter-testing should uniformity of methods be attempted? 
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Here, undoubtedly, there is room for many opinions, and it is 
hoped that the discussion evolved may lead to a codification of 
present rules and practices. The writer selects the following feat- 
ures, which to him appear as most deserving of consideration and 
adoption, namely: first, should not the rating of meters, especially 
in low flow tests, be by timing the deliveries of definite quantities, 
rather than by designating the diameter of jets; second, what shall 
be the limit of the minimum rate; third, what shall be the limit of 
the maximum rate; fourth, should tests be referred to the meter 
or the tank; fifth, should the error be indicated in pounds or per- 
centage. 


LOW FLOWS SHOULD BE DESIGNATED BY TIME-RATING. 


As to the first, namely: the method of rating at low flows, the 
writer is strongly of the opinion that the time-rate should be 
adopted, as being correct in theory and thoroughly demonstrated 
by long practice, especially so in Europe. The amount of uncer- 
tainty regarding this subject can probably be best attested by the 
vendors of water-meters, to whom the most widespread experiences 
converge. Thus, the inquiry may be from one, ‘how accurate will 
your meter work,’’ with no mention of pressure, conditions, range 
or rate; from another, ‘‘meter must test down to a fine stream,’’ 
and when this is defined you may receive the specification, ‘‘on a 
stream as small as a darning needle,’’ the pressure being, say, 30 
Ibs.; or from another, ‘‘on a stream about as big as a pipestem,”’ 
and the pressure in the latter case may be 100 lbs. Then, too, 
where the practice has advanced to the employment of perforated 
diaphragms, it is rather the exception than the rule for purchasers 
to make note as to the form of the perforation or the pressure 
behind it. And, moreover, as between the aggregation of thin 
brass, punched; copper pennies, drilled; lead diaphragms pierced 
by an awl, and the eminent expert who laid the fault of a certain 
test to the fact that a perforation alleged to be 5 inch dia., was 
found to be 0.0075 inch too large, there might yet be added such 
cases as where the decimal 0.0625 inch was read #5 inch, with 
results as entirely satisfactory to the manufacturer, as in. the 
instance of a certain wasteful child of Neptune, who said, ‘‘ Fix 
my meters to measure by the barrel, when I want to sell water by 
the drop I’ll order a Homeopathic vial and a quill!’’ 
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Now, let it be said, that in testing a meter at low flows, the only 
point desired to be known is, what quantity in pounds, gallons or 
cubic feet is passing in a minute or an hour; the sensibility of the 
meter is alone established by this; if one meter, to operate accu- 
rately, requires a draught of 2 cubic feet uniformly drawn in one 
hour; avd another meter operates with equal accuracy upon a 
draught of 1 cubic foot in the same time, then the latter has twice 
the sensibility of the former. The only function, then, of a 
throttling diaphragm is to determine the rate of flow, and the only 
method of ascertaining this is to carefully rate the perforation by 
measuring its discharge under a definite pressure for a definite 
period of time. If time-honored truths will bear repeating, then 
so will hydraulic principles; which alone is the excuse for here 
presenting a few illustrations, with the view of impressing upon 
the memory the importance of following the procedure just recom- 
mended. 








Fig. 1. 
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Fig. 2. 


























Fig-Z. 


Thus, in Fig. 1 is represented, to a large scale, a diaphragm, the 
original of which is »/5 inch thick; the perforation being precisely 
zy inch diameter, with the edges knife-sharp. The delivery of 
this orifice under a pressure of 50 Ibs. to the square inch is approxi- 
mately 1 cubic foot an hour. In Fig. 2 a diaphragm is represented 
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to the same scale as Fig. 1, the original of which is ;'; inch thick, 
having precisely the same diameter of orifice and the same knife- 
sharp edge on the upper side, but with the lower edge very slightly 
rounded by lightly scraping the edge with a sharp knife. The 
delivery of this diaphragm, under the same pressure as the former, 
with the upper sharp edge to the flow, is nearly 1.12 cubic feet an 
hour. Hence the difference in thickness alone gives the thin 
diaphragm, at the pressure named, 12 per cent. less delivering 
capacity than the thicker one. Again, with this diaphragm 
reversed, the slightly rounded edge to the flow, the delivery is 
nearly 1.50 cubic feet an hour, or 33 per cent. greater delivering 
capacity than from the sharp edge. These are to show how appar- 
ently trivial differences may greatly affect the comparison of 
results. Again, referring to Fig. 3, a diaphragm is represented in 
the original, of which the perforation is precisely ;/g inch diameter, 
the thickness 4 inch, one edge knife-sharp and the other very nicely 
rounded to a curve of about 4 inch radius. This diaphragm, 
under a pressure of 50 lbs., each side being separately presented 
towards the pressure, gave the following result: With the upper 
sharp edge to the inlet, the delivery was about 5.30 cubic feet 
an hour; reversed, with the lower rounded edge to the flow, the 
delivery was about 7.10 cubic feet an hour, or nearly 34 per cent. 
greater than the first. The well-known reason for this difference 
in delivering capacity is indicated in the circles C,B; the inner 
circle, V, denoting the area of the contracted jet, from the sharp 
edge, while the outer circle, B, denotes the stream from the 
rounded side equal to that of the area of the orifice. 

The practical application of this to the present subject is as 
follows: Suppose two meters equally accurate at 7 feet an hour 
and equally inaccurate at 5 feet an hour. “Then, furthermore, 
suppose that two water works are supplied with these meters, 
requiring them accurate, according to their specification, on a jet 
zz inch dia. at 50 Ibs. pressure, and that it so happens that one of 
these works is provided with a diaphragm, sharp, as the upper side 
of Fig. 3, and the other works, with a rounded perforation, as the 
low side of said figure. Obviously, the works using the sharp-edged 
diaphragm will find the meter defective, whilst the other will be 
accepted as correct. Evidently, had these meters been ordered to 
be correct at a minimum rate of 5 cubic feet an hour, and had 
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then been tested respectively under conditions to obtain this rate of 
flow, each purchaser would have been equally suited, and the cup 
of human happiness would have been nearer to the full. 

As a means tending to reach the result here aimed at, it is 
suggested that a standard form of perforation be adopted in the 
diaphragms used in testing water-meters, and it is believed that the 
forms shown in Fig. 4, when taken with the simple method of 
their construction, would come well within the practical require- 
ments of such service. In the several parts of the aforesaid figure 
which are drawn to a considerably enlarged scale, five diaphragms 
are shown, the diameters, at the throat-sections of the perforations, 
being those already most generally employed, namely: 4, 3's, ;y, 
+ and 4 inch respectively. 

To most conveniently accomplish the end here sought, it is essen 
tial that the several diaphragms of a series shall be of uniform 
thickness, and No. 10 American gauge, or approximately 0.10 inch, 
has been selected; the metal to be of hard rolled brass. The pro- 
duction of any one of the perforations is as follows: first pierce 
with a drill one size smaller than the desired gauge; second, with 
an accurately ground counter-bore, of 45° angle, counter-sink each 
side of the metal disk until the large diameter on the face, as noted 
in the drawing, shall be reached; third, the throat is then to be 
brought to exact diameter by reamer and round brooch, and, finally, 
the sharp knife-edge portions at the intersections of the throat with 
the cones, as at X, are to be lightly polished out by using a pointed 
stick with pumice stone. The object of sinking the counter-bore 
to produce a definite diameter at the face, is to establish the depth 
of the cone; and these face dimensions are such as to produce a 
uniform thickness and contour at the throat in all of the sizes. 
The advantages of making both sides alike, and of counter-boring, 
are that either side may be presented towards the inlet, and that 
the throat is protected from injury. 

If both the purchasers and the manufacturers of water-meters 
would conclude to accept even this mild departure from existing 
practice, there would be a distinct gain to the good. And to those 
who may care to take up this practice, of referring comparative 
tests to a time basis, the following time-rate testing table is pre- 
sented, approximately indicating the hourly deliveries which may 
be expected, in terms of cubic feet, when the diaphragms herein 
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described are employed, and when the dynamic, or ‘running,’’ 
pressure named is maintained at the diaphragm. 
WATER METER BENCH-TESTING TABLE, GIVING APPROXIMATE RATES OF DELIVERY 


IN CUBIC FEET PER HOUR OF NEAREST EVEN QUANTITY THROUGH PERFORATIONS 
FORMED AS SHOWN IN FIGURE 4. 














Pressure. Diameter. Inches. 
Pounds. 1-64 ] 132 1-16 Tae ary RS 
| 
20 0.75 4.00 14 50 
30 16 58 
40 1.00 5.25 18 67 
50 0.50 20 76 
60 1.25 6.50 23 84 
70 25 93 
80 7.50 27 101 
90 29 110 
100 0.75 1.50 8.50 31 119 

















Notg.—It was originally contemplated to prepare this table to show approxi- 
mately exact deliveries for pressure increments of 5 lbs.; but after having pre- 
pared such a tabulation, it appeared to the writer, that a wider range in pres- 
sures quantities averaged to even amounts would inadequately meet the re- 
quirements of regular service. Moreover, it is thought that the table, because 
of the increased simplicity and brevity, will be more likely to be utilized by 
practical men. Where deliveries at intermediate pressures are desired, they 
may be ascertained from the following diagrams : 





ApproxtmaTE Detivery THROUGH }” Onirice ForMED 4s SHown In Fic. 4. 
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described are employed, and when the dynamic, or ‘‘running,”’ 
pressure named is maintained at the diaphragm. 


WATER METER BENCH-TESTING TABLE, GIVING APPROXIMATE RATES OF DELIVERY 
IN CUBIC FEET PER HOUR OF NEAREST EVEN QUANTITY THROUGH PERFORATIONS 
FORMED AS SHOWN IN FIGURE 4. 








Pressure. | Diameter. Inches. 

Pounds. Pe See % a) 7. eee | a ee” a; | My 
20 | 0.75 | 4.00 14 50 
30 | 16 58 
40 1.00 | 5.25 18 67 
50 0.50 } } 20 j 76 
60 1,25 6.50 23 84 
70 | 25 93 
80 | 7.50 | 27 101 
90 | 29 110 


100 | 0.75 150 | 8.50 31 119 





Nore.—It was originally contemplated to prepare this table to show approxi- 
mately exact deliveries for pressure increments of 5 lbs.; but after having pre- 
pared such a tabulation, it appeared to the writer, that a wider range in pres- 
sures quantities averaged to even amounts would inadequately meet the re- 
quirements of regular service. Moreover, it is thought that the table, because 
of the increased simplicity and brevity, will be more likely to be utilized by 
practical men, Where deliveries at intermediate pressures are desired, they 
may be ascertained from the following diagrams : 
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In carrying out these determinations of jet deliveries through the 
definite forms of perforation illustrated in Fig. 4, the water was 
weighed. <A pair of Ascheroft test-gauges were used, these being 
specially compared and furnished under order to be graduated from 
a mercury column. The pressures were obtained by a Worthington 
pump and a Fisher regulator, both of which were specially over- 
hauled and refitted for the purpose of obtaining this data. The 
pressure, as indicated by the gauge, was maintained with satisfac- 
tory steadiness. Any refinement of scientific accuracy, however, 
‘the triumph of the last place of decimals,’’ is expressly dis- 
claimed, but judging from the uniformity of indications under 
repeated experiments, it is believed that the results from which 
this table was prepared are well within the practical requirements of 
the intended service. (In this connection, see foot-note on table, 
page 82.) 
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In Figs. 6 and 7 two sectional details are shown of a graduated 
valve for testing water-meters by time-rating, as used by the 
writer’s company, which so far has proven quite satisfactory in 
practice. This device consists of a simple plug-valve adapted to 
receive the flow at the side and discharge from a tube inserted in 
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In carrying out these determinations of jet deliveries through the 
definite forms of perforation illustrated in Fig. 4, the water was 
weighed. <A pair of Ascheroft test-gauges were used, these being 
specially compared and furnished under order to be graduated from 
a mercury column. The pressures were obtained by a Worthington 
pump and a Fisher regulator, both of which were specially over- 
hauled and refitted for the purpose of obtaining this data. The 
pressure, as indicated by the gauge, was maintained with satisfac- 
tory steadiness. Any refinement of scientific accuracy, however, 
‘the triumph of the last place of decimals,’’ is expressly dis- 
claimed, but judging from the uniformity of indications under 
repeated experiments, it is believed that the results from which 
this table was prepared are well within the practical requirements of 
the intended service. (In this connection, see foot-note on table, 
page 82.) 














In Figs. 6 and 7 two sectional details are shown of a graduated 
valve for testing water-meters by time-rating, as used by the 
writer’s company, which so far has proven quite satisfactory in 
practice. This device consists of a simple plug-valve adapted to 
receive the flow at the side and discharge from a tube inserted in 








86 JOURNAL OF THE 


the end of the plug; about half the circumference of the side of 
the plug being recessed to the form of a V, gradually diminishing 
both in depth and width from the main inlet until vanishing in the 
surface, as denoted by the letter R, in the drawings. Applied to 
the upper extension of the plug is a dial-plate, P, and inserted into 
the face of the casing is a sight-pin, S. Obviously, by simply 
turning the plug so that different portions of the circular V-groove 
is presented to the inlet, the area of discharge may be very 
uniformly increased or decreased between the entire range of the 
scale. Then, by timing the delivery, any desired series or combi- 
nation of tests may be made. In our practice the letter F is 
stamped on the graduate to indicate full flow, H for half; L for 
low and § for sensibility, these, under 60 lbs. pressure, giving 
approximate rates of 90, 40, 15 and 1.5 cubic feet an hour. Where 
many meters are to be tested at different rates, this device effects 
a considerable saving in time over that required in the changing of 
diaphragms. 
THE LIMIT OF THE MINIMUM RATE. 

As to the second query. What minimum rate should be insisted 
upon in water-meters, to be used in domestic service, the writer 
holds the opinion that this should be adapted to the conditions 
of the service. But the following general recommendation is 
ventured: When the water is reasonably pure and free from grit, 
it is believed to be well within the power of manufacturers to regu- 
larly supply the smaller sizes of positive rotary and piston meters 
to indicate within 3 per cent. of accuracy at the rate of 1 cubic 
foot uniformly drawn in one hour. And a meter which will do this 
may generally be depended upon to indicate, though not necessarily 
with much accuracy, down to from ? to $ a cubic foot an hour. 
But the insistence upon such a degree of sensibility, except only 
where the water is free from grit, may invariably be taken as indi- 
cative of anything except good engineering sense. In this connec- 
tion, however, it is not to be overlooked that the employment of 
meters and the reduction of waste tends, to the betterment of a 


water supply. 
AS TO THE MAXIMUM RATE. 


And now as to the third query of the opening. What should be 
the limit in testing a meter to maximum operation? The answer to 


this, if taken from general practice, is easy, namely: all that can 
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be blown through. The writer has known of many cases where 
the only tests for accuracy in meters of the 3-inch size were at the 
rate of from 3 to 4 cubic feet a minute, that is from 300 to 400 per 
cent. in excess of usual practical requirements. In a test to 
demonstrate the durability, or the extreme power and capacity of a 
meter, such a trial may be eminently proper; but there appears to 
be but little warrant for such a practice as a check for accuracy. 
However, opinions differ widely on this point, notwithstanding that 
there appears to be an entirely satisfactory basis for such tests, 
even though empirical, namely: the highest maximum delivery 
likely to be drawn through regular service pipe. A bench test to 
check performance under such conditions is obviously of value; 
from this down to the minimum rate is the field of the performance 
of the meter. It would seem that the extreme velocity in the 
commercial sizes of 4, # and 1 inch service pipe of, say, 15 lineal 
feet a second, is about as high as good practice would warrant. 
As a matter of fact, such a velocity is not common, but even this 
extreme rate would only discharge nearly 1.8, 2.8 and 4.8 cubic 
feet respectively; hence a bench-test for accuracy at maximum 
rate probably need rarely exceed, say, 2 cubic feet a minute for a 
4 or 3-inch meter; 3.5 feet for the ?-inch meter, and 6 feet for the 
1 inch. 


IN LOW RATE FLOWS SHOULD THE METER BE THROTTLED AT 


THE INLET OR THE OUTLET. 


The inquiry is occasionally made if, in testing a meter under low 
flows, it makes any difference in the results as to whether the meter 
be throttled at the inlet or the outlet thereof. Generally speaking, 
it is more favorable to the meter to throttle at the inlet, leaving the 
outlet fully open, as it is thus relieved of all strain except that of 
the back-pressure of the outlet pipe. If meter-devices were in 
theoretically perfect equilibrium, under pressure, there would be 
no: difference; but, within the knowledge of the writer, there is 
no such mechanism. Consequently, if it were desired to obtain 
registration at the very lowest rates of flow, it would be advanta- 
geous, if the conditions would permit, to throttle at the inlet, 
leaving the outlet free; but it is essential in such cases that the 
pipe leading from the outlet side of the meter shall be so arranged 
as to keep the meter full of water, that is under a minimum of 
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back-pressure. This admonition is offered for the reason that the 
writer has heard of a number of cases in which this precaution was 
neglected ; in consequence of which the meters were operated with 
their upper chambers empty. And although in the instance of 
models adapted to kindergarten exhibits, this vacuous condition has 
been advantageously utilized (as even betimes by the conscientious 
meter-maker), it is not te be recommended for regular practice. 
But in all regular bench-tests the meter should be throttled at the 
outlet when tried for sensibility; as this is the condition under 
which the device must regularly operate. 


A FEW PRIMARY RULES TO BE OBSERVED IN BENCH-TESTING. 


Water should be turned on to an empty meter slowly, until com- 
pletely filled. 

It is preferable to run a small quantity through a meter before 
starting a test. 

In all meters it is desirable to eject the air before testing. The 
most ready and efficient means to this end, when vent screws are 
not provided, is to turn the meter over a few times, when connected 
for the test, on its side, or upside down, in which position it 
should be operated to drive out the air displaced by the change of 
position. This precaution is usually not worth observing when 
setting the meter in regular circuit ; as the entrained air will grad- 
ually be absorbed and ejected. 

In testing by weight, when using a tank mounted upon a plat- 
form scale, if especially accurate results are desired, it is well to 
read the scale-lever as it swings to some arbitrarily fixed mark near 
its end; the reason for this being that the majority of such scales 
are ‘‘logy’’ when loaded, and can often be read from one to 
three pounds in error. 

In testing by tanks, provided with glass tubes, there is a source 
of error due to capillarity; the extent of which varies somewhat 
with the condition of the atmosphere and the observer and ‘the 
degree of cleanliness of the inner surface of the tube. Thus witha 
clean surface and pure water, the end-surface of the column will be 
concave, due to the attraction of the glass; whereas, if the surface 
of the glass is greasy, this will act to repel the water and the end- 
surface of the column will be convex, On the whole, it is well to 
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swab out such tubes occasionally, and a little aleohol on the swab 
will not hurt the job. In view of these conditions, it is generally 
believed to be the most uniformly reliable procedure to read the 
height of the column from the center thereof, be it concave or 
convex. And this is an argument in favor of glass tubes of large 
diameter. 

Where the most exacting results are desired from a meter in low 
flow performance, the pressure should be maintained as nearly 
uniform as possible. If the pressure varies considerably, this may 
result either favorable or unfavorable, either to the maker or the 
purchaser. The reason for this is that a pulsating pressure, 
during sensibility flows, may produce different effects upon differ- 
ent meters. 

When using the ; inch or the ;'; inch diaphragms, especially if 
the test is to be of long duration, it is well to insert a piece of 
sponge to prevent particles of grit from closing the perforation. 

In all positive meters having hard rubber displacing members, 
more accurate results may be expected, at low rate performance, 
when the water used for the test is rather tepid than cold; the 
reason for this being that the normal co-efficient of expansion and 
contraction of hard rubber is greater than that of brass or compo- 
sition. This fact is taken into consideration, occasionally, in the 
construction of meters. It is for this reason that a meter will 
often fail to operate freely by blowing when taken from a shelf in 
a warm room, but will be all right when cooled in water. 

A meter which operates correctly at the higher and lower rates 
of flow and fails on the sensibility trial, may often be corrected by 
simply reversing the meter and running it backward for a few 
minutes; as, if the cause of the difficulty was a slight foreign 
obstruction, this treatment will often remove it. 

In a water meter, to ascertain its obstruction to the delivery, 
relative to the service pipe, proceed as follows: First, insert a 
piece of regular service pipe of the same nominal size and the same 
length as the meter, placing it in the same position and using the 
same couplings and packing-washers as are used when testing the 
meter. Second, apply a diaphragm to the outlet, as in regular 
testing, whose diameter is somewhat less than that of the bore of 
the spuds of the meter. Third, then make a number of runs, each 
of exactly the same amount, and carefully record the time of each 
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run. Thus, if you have made four runs of 10 cubic feet each and 
the time of each flow is 24 minutes, you will have an aggregate of 
40 feet divided by 10 minutes equalling 4 cubic feet a minute, the 
capacity of the pipe. Now, insert the meter (or the several meters, 
successively, if the test is to be comparative of kinds) in place of 
the piece of pipe, again being careful to use the same connections, 
and packing-washers as in the instance of the pipe. Then proceed 
as before, and run the same quantity for the same number of tests 
and carefully record the time required for the delivery of each. 
Should you have an aggregate of 40 feet delivered in 12 minutes, 
in the case of one meter, then its relation to the pipe would be 10 
divided by 12, that is the meter would have a capacity equal to 83.3 
per cent. of that of the pipe. If another meter should require 13 
minutes, its capacity relative to the pipe would be 76.9 per cent. 
and the first meter would have 8.3 per cent. greater capacity than 
that of the second. (83.3—76.9+76.9=8.3 per cent. ) 

In bench-tests, the usual trial runs are as follows: One, two, 
five and ten cubic feet, the correct weight equalling, respectively. 
624, 125, 3124 and 625 lbs. Sensibility tests, because of the 
time required, are frequently made by tenths of a foot, each tenth 
being equal to 64 lbs., or approximately 3 quarts. In connec- 
tion with the foregoing, the following percentage table may be of 
service : 

PercenTaGE TABLE FoR BENCH-TESTING OF WATER METERS. 
1 Cubic Foot—62.5 Ibs. 




















nies Rallies Cubic Feet Indicated by Meter to Pounds of Water Found 
poco of Meter, “rror in per- in Tank. 
in percent. wisacs 1. 2. 5 10 
Over 
104.1 4.1 60.0 120.0 300.0 600.0 
103.3 3.3 60.5 121.0 302.5 605.0 
102.4 2°4 61.0 122.0 305.0 610.0 
101.6 | 1.6 61.5 123.0 307.5 615.0 
100.8 0.8 62.0 124.0 310.0 620.0 
100.0 0.0 62.5 125.0 312.5 625.0 
| Under 
99.2 0.8 63.0 126.0 315.0 630.0 
98.4 | 1.6 63.5 127.0 $17.5 635.0 
97.6 | 2.4 640 128.0 320.0 640 0 
96.9 3.1 64.5 129.0 322.5 645 0 
96.1 3.9 65.0 130.0 325.0 650.0 
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PERCENTAGE AND Time-RATE TABLE FOR FRACTIONAL SENSIBILITY OR ‘‘ LEAKAGE”’ 








TEsTs. 
— 
| | OnE Tentu Cubic Foot 
Actual Indication of | Indicated by*Meter to 
Meter in Percent. Error in Percent. | Pounds of! Water in 
| Tank. 
Over 
108.6 8.6 } 5.75 
104.1 4.1 6.00 
100.0 0.0 6.25 
Under 
96.1 3.9 | 6.50 
92.5 7.5 6.75 
89.2 10.8 7.00 
86.2 13.8 7.25 
83.3 16.7 7.50 
80.6 19.4 7.75 
78.1 21.9 8.00 
- 75.7 24.3 8.25 
73.5 26.5 8.50 
71.4 28.6 8.75 
69.4 30.6 9.00 
67.5 32.5 9.25 
65.6 34.4 9.50 
64.1 35.9 9.75 
62.5 37.5 10.00 











One-tenth Indication in 3 minutes equals a rate of 2 cubic feet an hour; 
in 3m. 30s. = 1.7; in 4m. = 1.5; in 4m. 30s. == 1.3; in 5m. = 1.2; in 5m. 30s. 
= 1.1; in 6m. = 1.;in 6m. 30s. = 0.92; in 7m. = 0.85; in 8 m. = 0.75; in 9m. 
= 0.66; in 10m. = 0.60; in llm. = 0.55; and in 12m. = 0.50. 


IN BENCH-TESTING, WHICH SHOULD BE THE STANDARD OF REFER- 
ENCE, THE METER OR THE QUANTITY FOUND IN THE TANK? 


Theoretically, there is hardly any question but that in running a 
trial quantity into a gauged receptacle, the meter ought to be stopped 
when the amount intended to be indicated by the meter is in fact 
shown by the scale, or tank; but practically this is not as conve- 
nient, nor can as accurate answers be obtained, ordinarily, as when 
the quantity intended to be run is indicated, whether correctly or 
incorrectly, by the register of the meter, The reason for this view 
of the subject is that commercial water-meters, even in the smaller 
sizes, are not adapted to be read less than 0.10 cubic foot; whereas 
any degree of refinement may be obtained in the scale. Hence, in 
the writer’s opinion, all meter tests, especially when small quantities 
are run, should be by the meter. The importance of this in prac- 
tice may be best understood by presenting a brief illustration. 
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Suppose that 10 cubic feet, regarded as 625 pounds, to have been 
run ina tank; butthat the hand of the register is ‘‘shy’’ of the 
naught-mark ; the actual extent of the error can only be judged ; 
to accurately ascertain it, the meter must be operated until the 
hand reaches the dial-mark, and yet, by doing this, the exact refer- 
ence quantity in the tank has been increased. 

From these conditions and circumstances frequent misunder- 
standings have arisen; thus, as to whether when a meter was 
reported as ‘‘under”’ or ‘‘over,’’ it in fact registered less than 
the tank or the tank more than the meter. Al! such misunder- 
standings would be avoided by concurrence in the following pro- 
cedure and interpretation: First, that the meter be run until the 
intended trial quantity is indicated by the register. Second, that 
when the quantity found in the tank is more than the amount indi- 
cated by the meter, it shall then be understood that the meter 
under-registers, or is ‘‘under.’’ Third, that when the quantity 
is found in the tank is less than that indicated by the meter, then 
the meter over-registers, or is ‘‘ over.’’ 


SHOULD THE ERROR OF METERS BE RECORDED IN TERMS OF 
POUNDS OR PERCENTAGE ? 


It is believed that it would be preferable if the indication of 
meters were uniformly denoted, on all test-cards and records, in 
terms of percentage of the quantity indicated. This is now done 
in but comparatively few cases, the usual practice being to record 
the error in pounds, plus or minus, or in the percentage of error, 
plus or minus. These three methods of recording may be quickly 
brought clearly to mind by assuming a meter as indicating 10 cubic 
feet but with 635 pounds found in the tank. This can be recorded 
635—625—10 pounds ‘‘ under ;’’ or 10-+-635=1.6 per cent minus; 
or 625--635.0—98.4 per cent., that is the exact quantity registered 
by the meter. To the writer at least, in a column of tests recorded 
in the latter way, it is more satisfying to the mind than in terms 
of pounds or differences. 


APPARATUS FOR TESTING WATER METERS. 


In testing water-meters there are two reliable systems available, 
namely: by weighing the trial quantity, or by the use of a cali- 
brated-tank. In European practice, graduated tanks are largely, 














NEW ENGLAND WATER WORKS ASSOCIATION. 





Plate 8. 
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almost entirely, employed; in America, measurement by weight is 
most commoniy in vogue. It is now believed by the writer that the 
graduated tank is the better system, in that there is less liability to 
error in observation; variations of volume due to the difference of 
temperature is obviated, and tests may be made in less time. There 
is no question, however, but that the weighing system is the cheaper 
to install, as with but a platform scale and an old oil barrel first 
rate results may be obtained. 

In plate 8 is shown one of the handiest, least expensive and yet 
accurate testing systems, known to the writer, consisting of a simple 
galvanized iron can, swung upon an iron axis, from which, like the 
handle of a pail, it is suspended from a common spring balance scale 
having a total indication of 150 lbs. A tank, or can, 14-inch dia. 
by 24 inches long will afford ample capacity for a test of 2 cubic 
feet. First-class results can be obtained from such an apparatus, 
especially where ‘‘ fine-haired’’ testing is required. Thus within 
the range of the scale, 1 foot can be run at full flow; half a foot 
at half rate; two or three-tenths at low and as many more for the 
limit of sensibility. 

In plate 9 is indicated a testing-plant, in schematic detail, which 
may be of service as a starting thought to those who may regard 
the installation of a reliable, convenient and durable system as 
worth the while. Such an apparatus, adapted to the conditions of 
the place, would be comparatively inexpensive and would be condu- 
cive to uniformly accurate results. 

‘In the calibration of such a tank as is indicated in the plate, 
probably the most convenient and reliable method, is by carefully 
weighing the water and graduating the scale from the water in the 
tube. 

In the writer’s practice a number of meters are tested in series; 
this being done to make the time and save water. But, ordinarily, 
this would hardly be worth the extra cost of special fixtures. More- 
over, this method involves special care and aptitude on the part of 
the operator to insure the ejection of air from the meters and an 
accurate comparison of the several indices of the registers. 

While much more might be said and many details be here added, 
it is believed that that which might come from the practice and ex- 
perience of others would be of much greater value ; hence, the sub- 
ject is now in your hands with this final observation : Your successful 
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meter-tester must be a man of parts; he should have many of the 
attributes of the successful fisherman, as skill, judgment and 
patience; and when to these are added plenty of bait and good 
tackle so much the more certain will be the results. And so it is 
in the bench-testing of water-meters. 


DISCUSSION. 


THE PRESIDENT. (Gentlemen, you have heard this very interest- 
ing paper on this exceedingly interesting subject, and it should 
have considerable discussion. 

Mr. Hasketu. I did not hear Mr. Thomson state the degree of 
accuracy that we should secure, if we should adopt some uniform 
method of testing, that is, whether the meter should register within 
half of 1 per cent., or a quarter of 1 per cent, or what errors 
would be allowable. 

Mr. THomson. I think I did mention with reference to the sensi- 
bility test, that taking the minimum rate of one cubic foot an hour, 
in my judgment it is well within the power of manufacturers to turn 
out meters regularly that will indicate within 3 per cent. of 
accuracy at that rate. At the higher rates of flow, in my opinion, 
it is well within the power of manufacturers to produce meters that 
will indicate within 1 per cent. of accuracy, plus or minus. I am 
referring, of course to the domestic sizes, that is the smaller sizes of 
meters. 

Mr. Ricuarps. I think in this connection it might be well to con- 
sider how often in actual use a meter is required to register these ex- 
tremely small streams. When a meter supplies a tank through a ball 
cock, it might have to supply a very small stream quite often; but 
that is about the only case that occurs to me, where these exceedingly 
small streams will be drawn, unless they are drawn purposely. So I 
believe with Mr. Thomson, that a meter should be purchased to fit 
the place in which it is to be used. 

Mr. McNatiy. I think that these small streams are just the 
ones that we ought to try to measure if it is possible. We meet so 
many cranks, especially those of us who are connected with the 
registrar’s department, when we try to collect our money, that we 
have a great deal to contend with, and I believe that those are just 
the streams that we need to look after; and if we can get a meter 
that isaccurate, and we certainly can for we do get them right along, 
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that is the kind of a meter we want. Of course it is well known 
that water works at the present time are accepting meters that are 
within 2 per cent., either minus or plus; but it has been the aim 
of our superintendent and of myself to get meters that are either 
absolutely correct, or that favor the consumer if they are in error at 
all. We want to know for a certainty that we can show that that 
meter is either correct or that it is favoring the kicker. It is this 
consideration that has led us to say to the manufacturer: ‘‘We will 
not accept your meter unless it it is absolutely correct, or within 
2 per cent. favoring the consumer,’’ and we send them back 
unless they test that way. 


I believe, as Mr. Thomson has said, that there should be some 
uniform method for meter testing, and that great care should be 
exercised in using it. We are now using dises which I think are 
not reamed out atall. Of course if he was testing a meter with the 
sharp edge reamed off as suggested in his paper, there would be 
quite a difference between his test and ours. I think there should 
be uniformity in testing, and when this is brought about there will 
be a better feeling between manufacturers and the water depart- 
ments. It is a matter which will require considerable study, and 
it will benefit all concerned. 


Mr. HoupEN. I would like to ask Mr. Thomson if, in his ex- 
perience, there is any way in which a meter after it has once been 
adjusted can over-register? There are frequent complaints that 
meters are over-registering, but I never have been able to find one 
that did, and I would like to ask if a meter can get out of order in 
any way so it will over register ? 


Mr. TuHomson. No, sir, I have never had that experience in 
my practice, and I don’t understand how it could vceur. I think it 
might be possible with some types of piston meters, but it will occur 
if at all very rarely and under very peculiar conditions, such as are 
not likely to arise in regular practice. I have heard that some 
waters deposit a sort of fungus. growth upon hard rubber pistons 
and with them such a result has been observed, but it never has 
come directly to my knowledge. I think it is almost invariably the 
case that the meter, especially if it is run severely in practice, is 
liable to loose in sensibility, and therefore be in favor of the con- 


sumer. 
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I might say that there is one case of over-registration, which I 
may properly refer to here, that of the current or type of inferential 
meters which are quite largely used in Europe. Over-registration 
may be produced in such meters as the result of water ram and 
especially if there happens to be an air cushion in the meter, the 
wings or vanes of the meter being impelled forward by water reacting 
from the result of compression of the air, although no water is 
actually passing through the meter. But that type of meter has not 
been used in this country to any great extent. 

Mr. HAsKELL. I would like to ask Mr. Thomson whether in the 
case of a piston meter operated under a high pressure, with a good 
deal of grit in the water, the piston might not wear sufficiently to 
produce over-registration. 

Mr. THomson. I really do not understand, sir, how that result 
could occur. It would reduce the displacing capacity of the piston. 

Mr. HASKELL. Suppose the piston is taken from a meter and 
filed down, then at each stroke of the meter the amount of water 
displaced would not equal that shown on the dial. 

Mr. THomMsON. The water would then slip by the piston and 
would not be shown on the indicator at all. 

Mr. Wiuuiams. Is the difficulty most likely to be in the slip past 
the piston or disc of the meter, or in the recording apparatus ? 

Mr. THomson. It is very largely, if not entirely, in the displac- 
ing member of the mechanism, the piston on the disc or wheel, 
whatever it may be. Any change in the recording apparatus of the 
meter usually is in the line of increased friction, and therefore it 
slowly decreases the sensibility of the meter in a long period of time. 
That, however, affects it only at the lower rates of flow. The actual 
change, in the quantity of water displaced, comes from wear of the 
parts; and that is one reason, as I suggested in my paper, that 
meters should be in almost every instance somewhat adapted for the 
character of their service. In my judgment it is not good engineer- 
ing to fit the meter to the very finest work in sensibility, and then 
expect that meter to stand up under the very highest rates of deliv- 
ery. Take, for instance, a § meter, which may be called on to 
deliver, say, 3 cubic feet a minute for one minute, and the next 
minute you expect it to indicate at the rate of a cubic foot an hour. 
Under such conditions the sensibility of the meter will almost invari- 
ably be lost, especially if there is grit inthe water. Whereasif the 
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meter is free, and thereis grit in the water, the meter will last longer, 
and be uniformly more accurate in its registration at the higher 
rates of flow. 

Mr. HOupEN. Is it advisable for the meter manufacturer to 
make or for the meter user to use meters adapted for extreme accu- 
racy? Isn’t it much better to look for durability rather than for 
‘ absolute accuracy? There are few places in the country where the 
rates for water are so high as to make extreme accuracy in measure- 
ment necessary. Ourcharge is about 50 gallons for a cent, 20 cents 
a thousand gallons; and isn’t it better to -give the consumer a few 
gallons and have a durable meter, rather than to have one which is 
extremely accurate, which will register down to a few drops, and 
which will last but a short time? 

THE PRESIDENT. Gentlemen, this is a subject in which I have a ‘i 
deep personal interest, for I have come near getting scalped a num- 
ber of times by people who, of course, didn’t use any water and yet 
claimed that ‘‘The darned thing keeps running night and day.’’ 
(Laughter.) If you will allow me just a word I will say that I have 
come to the conclusion that water is not so valuable a commodity 
but what we can afford for our own peace of mind to be sure that 
we are giving the consumer all we agree to give him for his money. 
When a kicker comes to us and we can show him that we are simply 
throwing water at him, that he is getting about 20 per cent. more 
for his money than he thought he was, then he will be satisfied, and 
he will tell his neighbor about it, and we will have a chance to put 
in two or three more meters. There are lots of consumers who 
think it is possible for a meter which has run accurately for six 
months to jump right ahead with an error of 50 per cent. against 
them. When you can put the meter ona bench and show him 
squarely and fairly that he is getting more than he is paying for, he 
goes away happy and settles up his bill and keeps the old thing 
churning, and everything is all right. But if he finds youa fraction 
of one per cent. in error on the wrong side, that is, against him, he 
will make you take the meter out and sharpen your pencil pretty fine 
in order to make the reduction on his bill. So for my part if I can 
get a meter that will run within 5 or 8 per cent. of accuracy, and 
have it run in favor of the consumer all the time, and have it dura- 
ble, so that it is not necessary to strip it and clean it out to get it to 
run, and so that it will not break down but will keep going, and I can 
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be sure that I am not losing over 8 per cent. and with the price we 
are getting for our water, I don’t believe but what the city is making 
money then, and it certainly saves lots of trouble for the man who 
is running the works. 

Mr. GILBERT. After having had 10 or 12 years’ experience with 
meters, I agree perfectly with what the President has just said. I 
don’t care tospend my time, and the money which we get for water, 
in trying to test these meters down so very fine, while we allow those 
consumers whose water is not metered to waste as much as they 
please. Give me a meter that will register nearly all of the water, 
that is within from 3 to 8 per cent. as the President has said, and I 
can make it pay and make the consumers happy. It has been my 
experience that when you get a meter that registers down within 1 
per cent. you have a meter which is liable to stop, and I don’t want 
to accept such meters. I don’t think the small amount of water 
we should lose would amount to anything, in fact, I don’t believe it 
would amount to half as much as we should spend in testing the 
meters. 

Mr. WILLIAMS. The point of greatest interest to me in this 
connection is not so much to know what we ought to expect from a 
meter as to know what we really do get in practice. There are 
some water works systems in New England, I believe, in which all 
the services are metered, and I think the general experience ig that 
their pump records show about twice as much water as the meters 
account for, and I would like to discover the cause of the discrep- 
ancy. When we think that the average consumption in our ordi- 
nary towns for domestic supply is less than 3 cubic feet per day per 
person, and the average family is about five persons, it does not 
give an average of one cubic foot an hour, which is the rate accord- 
ing to Mr. Thomson, on which there may be three per cent. varia- 
tion. And as the error appears to be in the displacing mechanism, 
corresponding to a slip in the pump plunger or through the valves, 
it must be possible for leakage to continue for the whole 24 hours 
at very nearly the same rate it would leak when the meter was 
moving at a slow rate, without its being recorded. So it seems to 
me that in those cases where the consumption is well down towards 
the minimum, that is where it is brought down to about 6 or 7 
gallons per person, as it is in a good many places, the error in the 
meter must be very nearly 100 per cent. If that is so, it will account 
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for a good deal of the difference that we find between the records of 
the water meters and the pumps. 

Mr. HasKELL. It might be possible in a great many places to get 
even a greater discrepancy than that, as for instance, in the stock 
yards in Chicago, where it is stated that they had a meter there 
which was measuring one million gallons of water, and there was 
another pipe which was delivering forty-eight millions unmetered at 
the same time. Where they operate water works in that way, it would 
be hardly a fair thing to put on meters with a slight discrepancy. 
Now Mr. Thomson has stated to us that he is prepared to furnish 
us meters that on any stream a taker is liable to use, will measure 
the water within one per cent. I don’t think he can quite call it 
one per cent., because, as I understand him, he means one per cent. 
under or one per cent. over, so it is really two per cent., and the 
other figure I understood him to give was was three under and three 
over, which means six per cent. variation, But there wouldn’t-be 
much of any water lost anyway when a meter is delivering these 
small streams. Now I don’t believe there is any meter man in this 
room but will agree to do this with his meter. I know I have no 
difficulty in getting meters which will test within one per cent. If 
you are a little bit particular about your meters, and they know you 
want them accurate, and you tell them the streams on which you 
want to put them, they will furnish you the goods. There is no 
trouble about getting what you want if you insist upon it. There 
can be no excuse for putting a meter on which is going to register 
against the consumer. It puts you in a very bad position, when a 
consumer comes to you with his complaint, if you have to admit 
that you knowingly put on a meter that was going to oblige him to 
pay more money than he ought to pay, and we make it a point in 
our city never to put on meters that over-register. We mean to 
get as near to one per cent. as possible, and though we don’t always 
get it, we do come pretty near it. I don’t believe that there is the 
least difficulty in getting meters that will register within two per 
cent., and from that under, from almost any of the meter men who 
are here. This meter business has been growing very rapidly within 
the past few years, and the manufacturers are giving us good goods, 
and in my opinion we ought not to let up at any three or eight per 
cent. 

Mr. WINTHOP. In our system we pump directly into the circu 
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lation, the surplus going to a tank. We have a long line of 8-inch 
pipe nearly on a line between the pump and the tank, but going toa 
dead end beyond. A half-inch connection was made with this main 
near the end, some four or five years ago, and that was metered. The 
bills used to be very high, from $6 to $8 a month. The consumer 
complained of white water and lots of air. We took the meter off 
and tested it a number of times and found the meter correct, or 
very nearly correct, a little in favor of the consumer. He wanted 
it tested in its usual position, and I concluded to do so, and found 
that he was .paying for air, and that the meter was registering 
about double the amount of water that came through it. 

Mr. Cuase. The function of a water meter is two-fold. First, 
it acts as a machine to aid in proportioning the cost of water among 
the consumers in proportion to the amount of water they use; and 
secondly, it acts as a sort of police in prennenae waste. By keep- 
ing people from permitting the water to run te waste through leaky 
fixtures or otherwise, the consumer is afraid of the bill which the 
meter will run up by excessive use of water, and the mere faci of a 
meter. being on will lead the consumer to look after the fixtures and 
not allow leaks to remain unattended to. Now it is all very well to 
talk about allowing 2, 3, 4 or 5 per cent. loss of registration, but if 
a meter allows 1 or 2 per cent. to pass without registration, the 
small leaks will grow in frequency when the consumer finds out the 
meter does not detect them. I think those of you who have such 
meters will soon find out you are furnishing a great deal more water 
than you are getting paid for. It is a pretty good meter, I think, 
that under ordinary conditions, after a little wear, will register accu- 
rately a cubic foot of water an hour. That in the course of a day 
amounts to 180 gallons. If thatis running continuously, at an aver- 
age price, we willsay, of 20 cents per thousand gallons, that amounts 
to over $13 worth of water per year, and is just about the amount 
of water that a person would be entitled to who pays the minimum 
water rate. Now, if a consumer finds out that his meter does not 
register small leaks, he will take very little cognizance of them, 
especially those in theaverage water closet. For that reason I think 
it is not advisable to put on meters which will not register within 1 
per cent. to start with, and they ought to be looked after pretty 
sharply to see that they do not get more than 3 or 4 per cent. away 
from accuracy. 
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Mr. Lockwoop. I don’t believe in encouraging meter manufact- 
urers to make poor meters. They are now making meters that are 
quite accurate, and I think we ought to hold them there. We all 
know that after a meter has been in use a little while it naturally 
wears and will pass water without registering. Now if you start 
with 6 per cent. loss you are soon going to get up to 8 or 10 per cent. 
loss. We endeavor to keep our meters within 2 or 3 per cent. and 
I certainly should not recommend a meter that did not come nearer 
than 8 per cent. 


THE PRESIDENT. I would say in connection with figuring on 8 
per cent. that that was the loss on a small stream; if the stream is very 
small the meter does not register. If you are drawing only a cubic 
foot an hour, and your per cert. of loss is the same as at higher 
rates, the loss isn’t very heavy in any case. I think we all want a 
meter which will register whenever there is any appreciable amount 
of water drawn through it. 


Mr. Noyes. In other words, Mr. President, I understand that 
your idea is that on very small streams, as when a faucet is leaking 
drop by drop, you consider there should not be more than 8 per 
cent. error, and that this per cent. should not apply on the ordinary 
working of the meter. 

THE PRESIDENT. That is the idea. 

Mr. Noyes. I think that Mr. Williams of Detroit has hit the 
matter about right. The great value of the meter, as I understand 
it, is to prevent the little wastes, the leakages from the faucets and 
water closets when the water is not being drawn. I know in myown 
house, that by being careless in not having the faucets fixed, I have 
had to.pay quite a sum of money, an amount far in excess of what 
it would have cost to have had the fixtures repaired. There is one 
interesting point that Mr. Williams made, in regard to the very large 
amount of water that cannot be accounted for by meter registration. 
I have in mind an instance which we found during the investigation 
which has been recently made in connection with the proposed new 
water supply for the Metropolitan District of Boston in one town 
where the water was purchased entirely from a water company, and 
every fixturein the town was metered, and they could account, under 
the very best conditions, for only from 50 to 60 per cent. of the 
water. And I think that in other towns'where the water is metered, 
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about the same ratio of water could be accounted for. In the case 
of Newton, where, a very large percentage of the fixtures are 
metered, and by assuming for the remainder, the rate of consump- 
tion per person, as determined by Mr. Whitney in his series of obser- 
vations made at Newton a few years ago, (the results of which were 
published in the* Journal of the Association), the actual consumption 
is much greater than the amount of water which can be accounted 
for by the amounts measured. 


Mr. GILBERT. Perhaps I ought to explain my position a little 
more in regard to this matter. I don’t want any of you gentlemen 
to think that I believe in poor meters. We have had considerable 
trouble with meters regulated so closely that they would gradually 
record less and less and finally stop. I think the loss would be less 
by having a meter which was not so closely adjusted that it would 
gradually stop. I think if you get a meter which will run regularly 
and will not stop, even if there is a small loss, it is better in th 
end. 

Mr. McNatty. I think the conditions of the work should govern 
the selection of meters. If the works have water with but little grit 
in it, itis certainly possible to use a meter that is built a little closer, 
and in which there is not such chance for slip as there must be in a 
meter passing a mixture of sand and water. Of course we don’t want 
a meter to measure drops, but the manufacturers can make meters 
that are strong enough to wear ten years. We have taken them 
off and tested meters that had been on services for ten years and we 
have found that they had stood the wear in good shape and tested. 
all right. 

In regard to accounting for the water, it would seem to me that 
if the taps are all metered, and the meters are not indicating all the 
water pumped, other parts of the system should be examined for 
leaks. Joints, for instance, may need attention. It is certainly 
unfair to blame the meters for not showing the amount of water, 
instead of looking in the ground, or in the culverts, and elsewhere 
to find where the water is escaping, perhaps through the fault of 
some contractor who made the joints out of oakum and used very 
little lead. I think that will account for a good deal of lost water. 





*Vol. VI. p. 39. 
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A MeEmBER. I think if our meter manufacturers can give us a 
meter which will register within 5 per cent. of the amount of water 
passed, and which will give us no trouble in repairing, cleaning, 
etc., we ought to be satisfied. When a man knows that a meter 
has been put on his service, that knowledge is enough to prevent 
him from wasting water, and he is going to use just as little water 
as he can. As far as detecting leaks is concerned, we look to our 
inspector for that, and what few leaks do not come under the 
observation of the inspector would not amount to a great deal. 


Mr. THomMsoN. May I say just a few words more. If the 
President had stood by his first proposition, I think we could make 
his meters in a brass foundry. In reference to the moral effect of 
a meter, I have a friend who believes that a meter casing without 
any interior is amply sufficient to do the business. (Laughter.) I 
believe Mr. Williams, of Detroit, made a point, if I understood him 
correctly, which I did not intend to convey in the paper, namely, 
referring to an error, we will say of 5 per cent., if you like, in the 
meter at a low rate of flow, and by that I mean in a domestic size 
indicating down to 1 cubic foot an hour. Now that error need 
not continue at the higher rates of delivery, except possibly when 
the meter is driven at avery high rate of flow. If it is driven 
at a very high rate then it may under-register, because the water 
will be driven by it. But any of the rotary meters on the market 
today, can be made to indicate within 3 to 4 or 5 per cent. of 
accuracy on a rate of 1 cubic foot an hour, and that error 
will not be shown in the registration at the higher rates of flow. 
When you get a rate of flow of say 14 or 2 cubic feet an 
hour, and from that up to the proper capacity of the meter, the 
registration of the meter should he, and almost invariably will be, 
accurate; and the original slip or error at the very low rate need 
not show at higher rates. And the same with regard to the point 
made by the President. The error at the minimum rate may be 8 
or 10 per cent., and yet not be shown in the registration of the 
meter at the high rates of flow. 


There was a point made by Mr. Noyes that I think has been very 
fully brought out in a paper recently presented to the American 
Society of Civil Engineers by Mr. Dexter Brackett, and which I 
believe will be published in probably the next number of its trans- 
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actions.* I think the data that Mr. Brackett has collected in regard 
to the subject are of the very greatest value. As I recollect he re- 
ferred to Yonkers, to Worcester, to Fall River, and I know to Woon- 
socket, and I must say I was greatly surprised to find so great a dis- 
crepancy possible. I was surprised to find, as is set forth in my 
discussion of Mr. Brackett’s paper, that the difference in the 
amount indicated by the meters and the amount which they believed 
they pumped, could be accounted for in almost all of those instances 
by a rate of flow of a cubic foot an hour on each of the services of 
the several cities and towns. It amounted to a great deal more 
than I thought was possible. 

Mr. HASKELL. We have heard a good deal about the loss of water, 
and all of us ought to know something about where there is a loss 
of water in our water supply systems. If a person will think for one 
moment of the amount of water that can escape in 24 hours 
through a #-inch pipe or a %-inch pipe, and then look at some of the 
water-closets and at the streams of water that run into them,—and 
if he wants to get instances of that he can send an Inspector 
around in any town or city and he will find a half dozen water- 
closets tied down and running full streams,—he will know where a 
great amount of water is wasting. I don’t believe there is one of 
us but what can find such cases. I know my men are finding them 
almost every day, and it doesn’t take many of them to account for 
a good deal of discrepancy between the amount of water pumped 
and the amount metered. 

Mr. WILLIAMS. Mr. President, I think from the reply which 
was made to my former remarks, that they must have been some- 
what misconstrued. Let us assume that an average person requires 
3 cubic feet of water per day, and that the average family consists 
of five persons, that calls for 15 cubic feet of water to be delivered 
through the ordinary domestic meter in 24 hours. Now your error 
of 3 per cent. at the rate of one cubic foot per hour will account 
for about 3 of a cubic foot of water, which is lost. The 3 per 
cent. at that rate is going on for the whole 24 hours, whether the 
meter 1s moving or not, if there is a leak and with a flow of that 
sort, it may come up to very nearly a cubic foot in a day. Now 
take a case where the consumption is down so that instead of its 





*Trans. Am. Soc. C. E. 758, Vol. XXXIV., Sept. 1895. 
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being 3 cubic feet per person per day, it is, say, but 4 of a cubic 
foot per person, as it is in some cases, and you will see that that 
same loss may occur and be going on continuously. So that where 
a family is actually using, or is assumed to use. 24 cubic feet of 
water per day, and the meter registers that, the actual consumption 
is 34 cubic feet, or it might be even more than that. That is what I 
mean by saying that the percentage of loss would increase very 
greatly on smaller services. Now, as a matter of fact, in the city of 
Detroit about 20 per cent. of our services are such as we would 
expect to consume under 8 gallons per person per day, and 80 per 
cent. of them consume less than 20 gallons per person per day. So 
it is apparent that the chances are that errors will result vastly 
greater than 3 per cent. 


A MEMBER. Where meters are applied on Chinese laundries, 
John quickly finds out the maximum rate of flow, which his meter 
will not indicate, and then he collects the water in his pans and 
tubs at that rate of flow. (Laughter.) In that case it is necessary to 
have a meter which will be of the very highest sensibility, and 
sometimes meters have been put in which would over-register a 
little bit at the higher rates of flow, and in that way the accounts 
have been balanced. 


Mr. COGGESHALL. We have a Chinaman in our town who can 
give that one points, for he takes the water out of the public drink- 
ing fountain. (Laughter. ) 

Mr. BooKE. I would like to ask the gentleman from Detroit if 
he has considered whether his pumping machinery is delivering 
water at every revolution as he expects it to? It strikes me that 
there may be loss there. I know we found it so in Princeton. Nine 
years ago it was a problem with us how we were to continue to 
supply water from the source we then had with the demand which 
was being made upon it. The meter companies came to our relief. 
We put meters upon every tap upon our mains, except the hydrants, 
and today we are not supplying a drop of water to any one except 
through meters. We immediately increased our revenue 100 per 
cent., and we have increased the number of consumers 100 per 
cent., and we are doing this with the same amount of water we 
were pumping nine years ago. And so I favor the meter manufac- 
turers, and [ think we ought to encourage them all we can. 
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THE PRESIDENT. We have discussed this question pretty 
thoroughly, and I think we have obtained much information, and 
some of us, perhaps, have said some things which we did not exactly 
believe ourselves. (Laughter.) Five to eight per cent. of error 
seemed to scare some of you when I mentioned it, but when a metre 
man said he would give you a meter which would register within 
three per cent. over or under, and that is six, that did’t seem to 
frighten you at all. Now I think perhaps we have been here long 
enough, you have given very close attention, and as it is now after 
5 o’clock we will adjourn untill evening. 
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TESTS OF ARTICLES OF COMMERCE, TO BE CONDUCTED 
BY THE ASSOCIATION. 
: BY 
CLEMENS HERSCHEL, Supt. East Jersey Water Co., New York. 


[Read September 12, 1895. ] 


It may be known to many of our members that the Pennsylvania 
railroad has a testing laboratory at Altoona, Penn.; an establishment 
employing from twenty to forty skilled men, among whom are 
several prominent civil and mechanical engineers, chemists, asssis- 
tants and mechanics. It is their duty to advise the company in the 
purchase of materials of every sort, whether a manufactured article, 
such as ecar-springs, boiler-tubes, and the thousand other things 
purchased on a railroad like the Pennnsylvania; or substances that 
may more properly be called raw materials, such as oils, paint, iron, 
steel, etc. 

To do this intelligently, the laboratory is constantly engaged in 
tests of articles of commerce, as supplied by different makers and 
dealers. That it pays to conduct such a laboratory, its existence 
and appreciation on a railroad like the Pennsylvania, for the past 
twenty years, should be sufficient proof. 

Similar work to that done by the Altoona testing laboratory has 
also been done by the American Association of Railroad Master 
Mechanics. Quite recently a committee of the association has 
reported the results of tests of some twenty odd makes of brake- 
shoes, now on the market. 

The Manufacturers Mutual Fire Insurance Company of Boston, 
does similar work in behalf of its members, and reports the results 
by circular. 

Wherever a body of men are interested in having such work 
done, it is evidently economy to have it done and the results reported 
at the common cost, rather than to leave each one to shift for 
himself. 

It is therefore proposed that the association shall, from time to 
time, cause sets of tests of the sort described made at the expense 
of the association, by committee or otherwise, and that the results 
be reported by circular or in the JOURNAL. 

As a beginning in this direction, I suggest a test of all the 
ordinary house water meters, now on the market. A test of this 
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sort, it will be remembered, was made by the city of Boston in 
1888. But such has been the rapid advance of meter manufacture 
since then, that the results of 1888 are of no use in 1895. Few of 
the meters then tested, are yet manufactured, and many new ones 
have since then been put upon the market. And it may well be, 
that, tests now made, would have to be repeated once or twice, at 
intervals of seven years, in order that false principles and methods 
of construction may get definitely culled out, and the manufacture 
of water meters be put upon a satisfactory basis. 

The reason I have suggested the test of water meters as a begin- 
ning, is because I have had a little experience in this direction 
during the past winter, which I will describe for the benefit of the 
association ; and from which the association may judge for itself 
whether tests such as are here recommended are instructive or not. 

I bought in December, 1894, one each of seven different makes 
of 3” water meters, which, for the present, I will call 1, 2, 3, 4, 5, 
6, 7. 
They were tested for accuracy, and for loss of head caused by the 
meter, at various rates of discharge. Then about 100,000 cubic 
feet were allowed to pass each meter, and the first set of tests were 
repeated. Then some 150,000 cubic feet additional were allowed 
to pass each meter and the first named tests were again repeated. 
The quantity passed was equivalent to some ten years of ordinary 
use. 

Incidentally, therefore, these tests comprised a test for durability. 
Tests were also made for sensitiveness; and a test for remaining 
unaffected by long continued disuse, is still under way. 

The results were somewhat remarkable. They are given in the 


following table: 



































First Test. Second Test. Third Test. 
Rank. Rank. Rank. 
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I will call attention to only one point: the three cheapest meters 
have been shown to be the three best ones; and I will leave it to the 
business sense of the members of this association whether a result 
of that kind is not worth discovering. 

It would not be assumed, to begin with; and would hardly be 
matched were the tests to be made of watches, clocks, shot-guns 
or bicycles. It has often been claimed that ‘‘ the cheapest is the 
best,’’ but here is a case where the best is the cheapest. 

It may be that a test of all the meters now on the market, would 
modify the conclusions reached from this reported test of only seven 
of these meters, but the point sought to be presented to the asso- 
ciation is, that it pavs to test articles of commerce, and that such 
work, to be undertaken for the benefit and instruction of its 
members, is a proper thing for this association to undertake and 
pay for. 

To do so would be entirely in line of furnishing instruction to its 
members that cannot otherwise be obtained, which has so promi- 
nently obtained as one of the duties of the association hitherto. 


DISCUSSION. 


THE PRESIDENT. As I understand it, Mr. Herschel suggests that 
the association should take up the matter of testing different meters 
and stamping them with its approval or disapproval, or with the 
results of the tests, and that the tests should be made at the expense 
of the association, for the benefit of us all. The subject is now 
open for discussion. Have the meter men all gone home? (Laughter. ) 
If they have, the meter users have not. We would like to hear 
from Mr. Cook of Woonsocket. I think he has some ideas on this 
subject. 

Mr. Cook. There are various kinds of meters in the market 
that are doing good work, and I was very sorry yesterday to hear 
some member say that within four or five per cent. of accuracy was 
good enough for a meter. I don’t want the meter manufacturers 
to get the idea that we are going to be satisfied with that kind of a 
meter. I know that it is impossible to get a meter that will register 
accurately in all cases, with low flows and also with high flows, but 
the meter which is demanded in houses with modern plumbing is a 
meter which will detect a small leak, but which will also allow a 
man to use his lawn sprinkler, and will measure both accurately. 
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Mr. Noyes. The idea advanced by the writer is certainly a novel 
one, and since I have heard the paper read I have been turning 
over in my mind the practicability of having such tests as Mr. Her- 
schel suggests made by the association. It seems to me that while 
the idea has some things in its favor, it would be very difficult to 
carry it into execution. Mr. Herschel himself has apparently found 
that in speaking of the tests he has made, it is not prudent or pro- 
per to speak of the various makes of meters, but he has designated 
them only by numbers. Now, the test which he refers to as having 
been made by the city of Boston in 1888, was conducted by honor- 
able men, who were above reproach, and yet that test was severely 
criticized by men who were interested in the various meters. 

It has seemed to me further that the conditions under which 
meters have to work are so different in different places that any test 
which might be made under the auspices of the association, might 
not be satisfactory for all the conditions encountered in various 
works. I think it is perhaps within the scope of this association 
to formulate methods of testing which might be more satisfactory 
than those now in use, but it does seem to me that the testing itself 
must be done, and the decisions reached by the individual depart- 
ments, and that the officials in each place must determine what 
meter is best for their particular use. 

THE SECRETARY. In reference to the Boston tests, it might be 
well to say that as a result of those tests, which cos‘, I think, some 
ten or twelve thousand dollars, the meter which was considered the 
best by that commission has never been known commercially, and 
the meter which was considered the second best has had only a very 
limited sale. 

Mr. Noyes. That is, in practice, the meter which had given the 
best test proved to be a practical failure. 

THE SECRETARY. It was a failure commercially. 

Mr. THomas. A few years ago an attempt was made to get the 
Massachusetts legislature to provide for the appointment of a special 
commission to test meters and approve them, and the members of 
this association were practically unanimous in their opposition to it, 
quite a number of them presenting themselves at the meeting of the 
legislative committee on water and opposing it. And I think that 
if a committee of this association were to test the various meters now 
on the market, the result would be that it would approve of every 

















NEW ENGLAND WATER WORKS ASSOCIATION. 113 


one of them. I think that if the plan proposed by Mr. Herschel 
should be put into practice by this association it would be a com- 
plete failure. 

Mr. Noyes. My attention has been called to one difference be- 
tween the test proposed and those which are spoken of in the paper 
as having been conducted by the master mechanics of various rail- 
roads. The great benefit derived there is the securing of uniform- 
ity, which is necessary on account of the interchange of cars be- 
tween the railroads, and the consequent necessity of having uniform 
appliances. 

Mr. HaskzLu. Mr. Herschel’s paper presents in a general way 
some reasons why this association should go into the meter business. 
The time has not yet arrived, I think, when we ought to do 
that. Then, again, any water department that hasn’t ability 
enough among its own members to test meters properly, could not, 
I think, be assisted by outside help so that it could run its bus- 
iness any better. (Laughter. ) 

Mr. SmitH. It seems to me that it is eminently the duty of this 
association to adopt, as other societies have done, a comprehensive 
and uniform system of testing water meters, so that we may have 
the benefit of comparisons of tests made upon a common basis. I 
think that was recommended very strongly yesterday by Mr. 
Thomson, and I believe that such action by the society would be a 
great benefit to all of us, both the users and the manufacturers of 
meters. 

Pror. Swain. Mr. President and fellow members: I agree 
thoroughly with what Mr. Noyes and Mr. Smith have said in regard 
to this subject. It seems to me that any association of this kind, . 
any scientific or technical society, should avoid the thing that Mr. 
Herschel suggests, that is, going into the testing of commercial 
appliances and reporting the results. I think the proper function 
of such a society, when it is asked to do anything in that line, is 
simply to lay down standards for tests. I have been trying to 
recall any case where a society of this kind has gone into the work 
of commercial testing, but I have not been able to think of one. 
Societies have adopted standards for testing materials, boilers, etc., 
but I do not think of any that has ever gone into commercial testing 
and reporting of the results. A good many of our members, both 
active and associate, are interested in meters, but it does not strike 
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me as quite the proper thing for this society to go into the business 
proposed. I should think that the work of testing should be left 
to the companies, individuals or communities using the meters, just 
as the testing of materials used by railroads is done by the several 
railroad companies, and not by any railroad association. 

Mr. RicHarps. I do not see why we should do anything more 
as an association than to indicate the methods by which tests should 
be made. When it comes to making the tests and telling which 
meter is the best one in our opinion, it is very: possible that we 
might differ among ourselves ; and I see no reason why we should 
do so any more than we should test cast-iron pipe and tell which 
manufacturer in our opinion, makes the best iron pipe or who makes 
the best hydrants or gates. We might indicate the proper tests for all 
these things, but [ see no reason why this association should 
make the tests. That would be an interference with commerce. 

Mr. HerscHeEut. In closing the discussion by letter several 
months after the event, what evidently demands the most attention, 
are misconceptions, to be set right. 

The President starts the discussion by saying, that, as he under- 
stands it, meters are to be stamped with the approval, or the dis- 
approval of the association. But no such suggestion is made in the 
paper. It is one thing to give an opinion; it is quite another thing 
to report facts, and let the reader form his own opinion. In the 
paper, I suggest the determination and the reporting of facts, being 
the results of tests; and whatever opinion any member chooses to 
draw from determined and reported facts, he should be welcome to. 
If certain meters cannot bear the statement of the facts appur- 
tenant to them, it is no duty of any member of the association to 
aid in the preservation of ignorance concerning these and other facts. 

Mr. Noyes infers that I did not think it prudent, or proper, to 
mention the names of the meters tested. I did not do so, because 
I wanted the association to have the honor of a first publication for 
itself, and because a publication of meter tests should be made fol- 
lowing an exhaustive test of all the makes of meters on the market ; 
whereas, I had tested only seven. The conditions referred to by Mr. 
Noyes, under which meters work in practice, could, and should, all 
be reproduced ina series of tests. The same tests could also be 
made with different waters, as found at different places. I see no 
difficulty on that score. 
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Mr. Noyes’ later remark, that the work of the Railroad Master Me- 
chanies’ Association was in line of striving for the uniformity that 
is requisite in the interchange of cars, is singularly inappropriate 
for the case cited, of tests of brake-shoes ; in which the only thing 
sought for, is the greatest amount of wear of brake-shoe, for a 
dollar’s worth of shoe. 

The Secretary says, the meter considered best by the 1888 Boston 
commission, ‘‘has never been knowncommercially.’’ This and two 
succeeding references to the underlying fact, are all expressions of 
many possible meanings. AsI understand history, the meter referred 
to has never been placed on the market; and as not being on the 
market at the time, ought, perhaps, never to have been tested. It 
would certainly be a good rule to test only meters that have had a 
certain prescribed extent of sale with the public. Otherwise, models 
could be sent for test, and excellent results could be achieved by 
meters that cost impracticable sums of money to manufacture. 

Mr. Thomas is under the impression, being perhaps misled by the 
President’s introduction, that the association is to approye, or dis- 
approve of meters, and that to attempt this would be ‘*a complete 
failure ;’’ and I think it would be, to attempt this thing. But that 
does not militate against a plan to have the association determine 
facts for the benefit of its members, and to give the members the 
benefit of facts procured by joint labors and at the joint expense. 

I suggest to Mr. Haskell, that the association could make a series 
of tests of meters which, in completeness of results gathered, would 
be beyond the ability, pecuniary and otherwise, of many members 
of the association. 

Prof. Swain cannot ‘‘recall any vase where a society of this kind 
has gone into the work of commercial testing.’’ I mentioned the 
Railroad Master Mechanics’ Association, a very parallel case to our 
own association, and I could undoubtedly find others, here and abroad. 
The reference made by Prof. Swain to no tests being made by any 
railroad association, is again unfortunate, for he surely must know of 
the railroad associations that test patents, and report the results to 
the members of the association. Prof. Swain himself has tested 
trolley-car fenders, and other railroad and railway appliances, and 
reported the results for the benefit of trolley railways, and of rail- 
roads, and of the traveling public. This, no doubt, was a severe 
ordeal for poor contrivances and inventions to pass through, but it 
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was a welcome one for the good contrivances to be called upon to 
encounter. 

To me, the difference between a mutual insurance company, a 
railroad company operating many railroads, or an association of rail- 
road companies, or a railroad commission paid by the railroads of a 
certain state; a master mechanics association, or an association com- 
posed principally of water works superintendents; in each case doing 
work in which all are interested, at the joint expense of all, and 
with the intent of letting all know the results of such work—is no 
such difference as is worthy to be named. 

As for either the felt, or an expressed fear of interfering with 
commerce, that must, at the last, stand for mere cowardice. This 
is aworld of survival of the fittest. Nobody can complain, if observed 
facts go to show that this, that or the other thing has become unfit. 

The several public tournaments of turbine wheels that have been 
had in the United States, undoubtedly took a great many gimcrank 
turbines out of the market, some of them of an alleged one hundred 
and more.per cent. efficiency; but they have reduced the number of 
makes of wheels on the market, as no other process could have done, 
and have been a blessing to the buyer of turbine water-wheels for 
all time. A little of this sort of sifting out, would further the use 
of meters, and would improve the make of meters on the market, in 
one year, as no twenty years will otherwise accomplish. And to 
accomplish this, I again submit to the association, is a worthy and 
proper thing to do by a body of water works superintendents asso- 
ciated, as they should be, for the common good. 
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THE METROPOLITAN WATER SUPPLY OF MASSA- 
CHUSETTS. 


AN ADDRESS DELIVERED BY 
ALBERT F’. NoyEs, C. E., Boston, Mass., 


September 13, 1895. 


Mr. President and Members of the Association: The President has 
said that you are to listen to a paper on the Metropolitan Water 
Supply, but the hour is so late that I do not think it right to take 
more of your time than is necessary to give a general synopsis of the 
work which has been done and is to be done to obtain a supply for 
the metropolitan district of Boston. 

This is probably an old question to many of you, for it has been 
thoroughly discussed by many members of the association who are 
officials of the water departments of the various municipalities in 
the vicinity of Boston, but there are undoubtedly some members of 
the association who will be interested in a brief account of the work | 
at this time. It is to be regretted that Mr. Stearns, formerly chief | 
engineer of the State Board of Health, and now chief engineer of the 
Metropolitan Water Board, who has had immediate charge of the 
investigation, and to whom is due the credit for devising and bringing 
forward the plan which has been adopted, is not here. He has 
taken personal charge of the work from the first and all questions 
have been carefully considered by him. 

Within ten miles of the State House at Boston there are 28 muni- 
cipalities, having a population at the present time of very nearly 
1,000,000 people. Most of these municipalities are supplied with 
water from independent works, generally from sources in their 
4 immediate vicinity and of very limited capacity, in fact the capacity 

of all the sources has been very nearly reached at the present time. 
_ It is estimated that the present capacity of all the sources now in 
use, in a dry year, is 83,700,000 gallons, per day. The consump- 
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tion of water in 1894 in the metropolitan district was 79,043,000 
gallons per day, or 21,000,000 gallons more than was required in 
1890. 

The only sources which furnish water of suitable quality, and 
which could be made to supply more than 4,000,000 gallons each 
per day, are the Boston and Cambridge sources. The Boston 
sources when more completely developed will have a capacity of 
62,000,000 gallons per day, and the Cambridge sources 13,000,000 
gallons per day. The Boston sources, exclusive of Mystic lake, 
which should be abandoned on account of the inferior quality of its 
water, lie from 15 to 30 miles westerly from the city. It is to be 
regretted that the large map which has been prepared was too large 
to be brought here, but a smaller map, which may be seen by some 
of you clearly, and which can be examined later by any who wish, 
shows the various watersheds that are in use at the present time 
for supplying the city of Boston; and it also shows the water- 
sheds which it is proposed to bring to Boston as they are required 
as a source of supply for the district, and which I will describe later.* 
1 would state that this colored area is the watershed of the Mystic 
supply, which was originally taken by the city of Charlestown, and 
which now supplies the Charlestown, Chelsea and Everett districts. 
The blue color represents the Cochituate watershed, which was the 
first water supply of the city of Boston outside of its own limits. 
The red color represents the watershed of the Sudbury river, which 
was brought into use by the city of Boston between 1875 and 1880. 

The Cochituate and Sudbury supplies are connected with the 
Chestnut Hill reservoir, the principal distributing reservoir of the 
city, by aqueducts capable of carrying much more than the sources 
will now furnish. 

All sources within 100 miles of Boston were considered, but 
only three were found worthy of special investigation. These three 
being the Merrimac river, above Lowell, Lake Winnipiseogee and 
the Nashua river which was adopted. 

After careful and extended study it was estimated that the 
population of the Metropolitan district would reach 2,000,000 in 
1920, and that the average consumption of water at that time would 
be nearly 200,000,000 gallons daily, and no source of supply was con- 





*See Plate I. for general location of water sheds now in use and those to be added. 
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sidered unless capable of being so developed as to yield this quantity 
of water in connection with the existing supplies. 


Among the smaller sheds which are incapable of yielding this 
quantity might be mentioned the Ipswich river which is north of 
the metropolitan district and has a drainage area of 97 square miles 
above Topsfield. Further up, near the insane asylum at Danvers 
there is a favorble point for taking a water supply from it, and 
there the watershed has an area of 54 square miles. It is probable 
that sites could be found for storage reservoirs large enough to 
allow supplies of 29,000,000, or 16,000,000 gallons daily to be 
obtained from the points mentioned respectively; but these are 
obviously too small quantities to be seriously considered for metro- 
politan water supply. 

The lakes in Plymouth county, particularly the largest of them, 
Assawompsett pond, were considered, but the supply that could be 
obtained was insufficient, and it was already in use to supply water 
to the municipalities in the southern portion of the state, New Bed- 
ford and Taunton, and possibly will be required in the future for 
other municipalities, Brockton or Fall River. So it was out of the 
question to try to develop these sources, aside from the large cost 
of having to pump the water, which is avoided in the Nashua river 
plan adopted. % 

The Charles river and the Shawsheen river were also considered, 
but the limited area of the Shawsheen watershed and the heavy 
population upon that of the Charles prevented their adoption. 


Lake Winnipiseogee was more seriously considered. It was found 
that it would be necessary to construct a conduit some 84 miles long, 
and that the supply that could be obtained from the lake by drawing 
it down five feet when necessary would be 208,000,000 gallons per 
day, and the estimated cost, not including the water damages, was 
$34,000,000. The heavy cost of construction, together with the 
large cost which would be involved for water damages, precluded: 
its further consideration. Lake Sebago, near Portland, was also 
considered, but its great distance from the city and the great expense 
of obtaining the water, aside from the cost of pumping, did not 
warrant the adoption of that source of supply. 

The Merrimac river, above Lowell, was also considered. Owing 
to the very large population of the cities upon its banks the water of 
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the river is entirely unfit for use in its natural state, but it could 
be purified by suitable sand filtration. Plans and estimates were 
made for such filtration, but the cost, including the capitalized cost of 
pumping and filtration, was $17,463,000, or nine-tenths as much as 
the estimated cost of the Nashua river project, and the board decided 
that the increased cost of the latter was more than offset by the 
advantages of natural purity and of a gravity supply, and so this was 
also thrown out of consideration. 


The State Board of Health has had charge of the water supplies 
for several years, and this work has been under the personal super- 
vision of Mr. Frederic P. Stearns, their chief engineer, from the 
time of his appointment in 1887 until his recent appointment as 
chief engineer of the Metropolitan Water Board. In his investiga- 
tions Mr. Stearns early came to the conclusion that a Metropolitan 
water supply would be necessary, and his attention was called to the 
watershed of the south branch of the Nashua river, which is just 
beyond the Sudbury watershed and above the city of Clinton. 


Immediately above the Lancaster Mills in Clinton there is a very 
favorable site foradam. Anareaof 6.5 square miles, shown on Plate 
I., will be flooded by the construction of a dam 145 feet high and 1,250 
feet long, and the reservoir thus formed will contain 63,000,000,000 
gallons. The enormous storage capacity as compared with other cele- 
brated reservoirs is well shown by Table I. From this you will see 
that reservoir No. 6, the recently constructed and largest of the reser- 
voirs connected with the Boston system, holds only one-ninth as much 
water as the dam to be built upon the Nashua river. The new Croton 
dam for the supply of New York city, although considerable higher, 
has a capacity only one-half as great, and the world renowned dam 
at Vyrnwy, Wales, for the supply of Liverpool, has less than one- 
fourth of the capacity of the Nashua river dam. 

The estimated cost of the reservoir with the land to be taken for 
its site is over $9,000,000. This sum includes the cost of removing 
from the site of the reservoir all of the surface soil and everything 
containing more than a very small amount of organic matter. 


It is calculated that in a dry year this reservoir will yield 105,- 
000,000 gallons of water per day, which taken in conjunction with 
the present Boston supplies from the Cochituate and Sudbury rivers, 
will make a total yield of 173,000,000 gallons per day. 
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As the time is so limited I will not detain you with too many 
statistics, but will merely call your attention ‘to some of the more 
interesting features which are shown by the tables and diagrams 
herewith presented. 

In Table II. are shown the estimated populations of the Metropoli- 
tan district by five year periods up to 1930, and the estimated con- 
sumption of water. The increase in the consumption of water dur- 
ing recent years has been much more rapid than the increase in 
population, owing in part to the introduction of a greater number of 
fixtures, allowing more leakage, and in part to the greater demands 
for water for manufacturing purposes. 


TABLE II. 


EstTIMATED PoPULATION AND CONSUMPTION OF WATER IN METROPOLITAN DistTRICT 
FoR Eaco Frve Years From 1895 to 1930. 











Estimated Daily Consumption} Total Daily 
. . abi . nsumption, 
- Fepeisuen. | Peedabebsen | Comgunaes 

1 HARPER Saye 984,301 85 84,000,000 
BONE ho ais-6 cee Ss 1,148,033 90 103,000,000 
RS . 1,328,787 94 125,000,000 
SERS ee 1,526, 623 97 148,000,000 
Ra. ox ues 1,743,510 99 173,000,000 
Becks wens 1,979,930 100 198,000,000 
BERG chacexnckess 2,238,500 100 224,000,000 
ROO ies sesanss 2,521,875 100 252,000,000 











Plate II. shows the cross section of the dam at the Nashua basin 
and corresponding sections of certain other notable dams drawn 
on the same scale. This shows how advantageous a point has been 
selected and how small the dam is in comparison with the other 
dams in proportion to the quantity of water stored. Fig. 3 shows 
on a larger scale a cross section of the Nashua dam in greater detail. 

The general location of the dam with reference to the Metropoli- 
tan district is shown by Plate I., which also shows the aqueduct 
which will be constructed to carry the water to basin No. 5 of the 
present Boston water works on the upper section of the Sudbury 
watershed, from which point it will flow through existing aqueducts 
to Chestnut Hill reservoir for the present. When the capacity of 
these aqueducts is exceeded an additional aqueduct will be con- 
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and a reservoir can be constructed which will still further increase 
the supply. With the addition of the Assabet the available supply 
is estimated at 201,000,000 gallons, and with the Upper Ware at 
272,000,000 gallons daily, and at some time in the future when it 
has become necessary to add the Lower Ware and the Swift rivers 
to the supply, the estimated capacity will be 472,000,000 gallons per 
day, with the Deerfield river still to the westward and capable of 
being added if required. 

Table III. shows the various watersheds investigated and some 
others for comparison, with their populations per square mile and 
the colors of the waters obtained from them, and also the relative 
hardness of the various waters. 


TABLE III. 


TasBLe SHOWING THE AVERAGE HARDNESS AND Coors oF WATERS AND THE Popuna- 
TION PER SquaRe Mite Upon Certain WATERSHEDS. 

















Population 
Hardness.| Color. aa pa 
(1894.) 
Deerfield River above Shelburne Falls........... 1.5 0.40 21 
Swift River at Belchertown.................... 08 0.38 “30 
Ware River at Cold Brook......................- 0.7 0.75 32 
TG FAM IBOIO soon oso giv cite ss odnes cv eeks 1.3 0.01 35 
OUAODRMONG BONNE oo eo Eee vino t owe nns oneees 0.6 0.28 36 
Tributaries of Assabet River.......... eee ry oa! 0.36 60 
Nashua River above Clinton. ..... 1.1 |0.40 69 
Ipswich River at Dauvers... ...:......- .-.+- 7 1.36 72 
Stony Brook at Cambridge dam.......... .....-. 2.1 0.71 107 
Shawsheen River at Old Middlesex Canal crossing| 1.8 0.89 123 
Charles River above South Natick..... ......... 1.4 0.86 179 
se etiecey Beadle EN EEE Ee OEE EEE EET 1.5 0.87 376-165 
Ry I oo os dt cab pec agus SU ve cwewnens 2.0 0.22 770-185 
Saugus River at Howletts dam... bok Nae tha 3.5 1.16 709 
Upper Mystic Lake. ........... be sas thems ews 5.2 0.11 984 





Norg.— Where two figures are given for population per square mile, the 
first is the total population and the second is the population remaining after 
deducting the districts from which the sewage has already been or is soon to be 
diverted to a point outside the watershed. 


It will be seen that the Nashua river watershed has a population 
of 69 persons to the square mile, and the water from it has a color 
of 0.4 and a hardness of 1.1, and it will be seen that, as indicated 
by the color and hardness, it is an exceptionally good water. The 
complete analyses show that the water is in every way up to these 
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indications, and it is expected that with the long storage in the reser- 
voir the color will be greatly reduced so that the water will be almost 
colorless, as is the water in Lake Winnipiseogee, which is so often 
mentioned as an exceptionally good water. 

In Table IV. are given some statistics relating to the Nashua 
, river watershed and reservoir. The destruction of town, railroad, 
and mill property will be unprecedented. The greater part of the 
small manufacturing village of West Boylston, and the whole of the 
smaller village of Boylston, will be flooded as will the lower parts of 
the village of Oakdale. 





TABLE IY. 


Statistics Retatinc To Nasnoua River WATERSHED. 


Area of watershed, square miles....... .........+8- 118.23 
Population upon watershed........... ............ 8,188 
Villages with populations of over 100.............. 10 
Population of these villages........ peste hanes 4,446 
Farming and scattered population. Ee aera eae 3,742 
Area of swamps, square miles ..................00- 3.63 
Area of existing ponds and reservoirs.... ......... 2.19 


Statistics Revatinc To Nasuvua River Reservoir. 


NARGIS a aa vee cane cewadebess a qeveun $9,105, -, 
Area of water surface, square is” Sasi Seats aye 
NEU, MERI, Soe ie ini siew «catalase sles oadeiceaaibel® 63,068, 000, 000" 
Length, miles ........... ae hones ea aaa Kp athe 8.41 
DANO WSU, TION. OS ese enc oes even neces 2.05 
Shore line, excluding islands ..... ..... ........4. ; 35.4 
OS SE ae eee 129 
a a ee ea eet rere mere 46 
Length of railroad flooded, miles.. .......... ..... 6.56 
Length of road flooded, miles.. ...  ....-......44. 19.21 
Dwellings in foeded aren |... .. 0... p62 cece cecces 224 
Inhabitants in flooded area.......... Si ateausie neg 1,711 
Rene WEIN OWES ros sce cctereee saves 6 
NUNC. 666i oo ses. sh. £ 
NG area. oe Ae wy head dawned gow 6 
Time required to fill reservoir, ‘years (about) ....... 1.5 


Notwithstanding all of the costs for damages involved in destroy- 
ing these manufacturing villages and the large cost of removing the 
soil and organic material to make a perfectly clean and sanitary 
basin, Table V. shows that the relative cost reduced to million 
gallons of water stored is quite low, less than in the various reser- 
voirs which have been constructed ‘in the vicinity of Boston. Thus 

] the cost per million gallons in the Nashua river reservoir will be 
$144, as against $400 in Hobbs Brook reservoir, and $336 in reser- 
voir No. 5. 
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TABLE V. 
Cost PER MiLuion GaLitons oF WaTER STORED. 
Storage in Cost per 
A Be P 
City. Name of Reservoir. Fiowed. —— — 
TR ss: cas we Reservoir No. 1 143 280 $918 
Se Reservoir No. 2 134 530 879 
PRN ook ss Sixes Reservoir No. 3 253 1,080 388 
SO ETE Reservoir No. 4 167 1,400 581 
MI oy co sae us Reservoir No. 5 185 1,530 566 
DR occa an cons Reservoir No. 6 1,220 7,438 336* 
. . Proposed reservoir 
Cambridge........|} TIORTer TBrooky ¢| 350 | 1,500 400 
: Proposed reservoir 
Greater Boston... { —— t 4,195 | 63,068 144 




















It is estimated that 1898 when, under favorable circumstances, 
the first supply of water can be obtained from the Nashua river, the 
consumption of water in the district will be about 100,000,000 
gallons, and as the capacity of the present source in a dry year is 
only estimated at 83,000,000 gallons, it will be seen that the work of 
obtaining a new supply was begun none too soon. 

It is proposed that the Metropolitan Water Board shall take 
charge of the distribution of water to the various cities and towns. 
At first the water will all be brought to Chestnut Hill reservoir. 
From this point a small part of it will be pumped by a low-lift pump 
to Spot Pond, which will act as a distributing reservoir for the 
northern part of the district. It is now used as a source of supply 
for the town of Melrose and the cities of Malden and Medford 
jointly. A high service station will be located near Spot Pond for 
pumping to the higher portions of the northern part of the district. 
As mentioned above, when the capacity of the aqueducts leading 
to Chestnut Hill reservoir is reached, an additional aqueduct will be 
built leading directly to Spot Pond. 

The strongest evidence of the care and judgment used in perfect- 
ing the plans is furnished by the fact that not a word of criticism 
of any engineering feature of the plans has been advanced by any 
engineer or superintendent of the various municipalities in the 





*Based upon estimated cost of reservoir. 
tThe figures for this reservoir are based upon preliminary estimates of cost and capacfty, as 
given in the annual report of the Cambridge Water Board for 1893. 
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district. It has commended itself to all, as being not only a plan 
which will meet all the requirements, but as having been so carefully 
considered there is every reason to believe that it is the best one, 
and the cities that have ‘objected to being included in thé Metro- 
politan district have based their objections upon the cost of the work 
and the fact that they believed their present supplies were sufficient 
for their immediate needs, and they were unwilling to meet at the 
present time the expense of providing water for themselves at a 
much later date. It is also very gratifying to the originators of the 
project that the General Court has met the question squarely, and 
has created a water board to carry out the project, and one of our 
members, Mr. John R. Freeman, has been given a place upon the 
board with Mr. Stearns as chief engineer, and Mr. Brackett, until 
today our senior editor, as engineer in charge of the Department of 
Distribution: ‘ 

A word'should. be said in acknowledgement of credit'which is due 
to the members of! the Massachusetts State Board :of Health for 
their consideration of the questions. While Mr. Stearns has had 
charge of them, he has always had the support and wise advice of 


-the members of that board, and I can assure you from my close 


acquaintance with them and with the details of their work, that 
their advice has gone a long way towards the successful carrying 
out of this plan. 


DISCUSSION. 


THE PRESIDENT. Mr. Noyes would be glad to answer any ques- 
tion any member would like to ask. 

Mr. Carrns. I wish Mr. Noyes would tell us in a word or two 
how the cost of this work is to be distributed and borne. 

Mr. Noyes. The work is paid for by the proceeds from the sale 
of bonds of which $27,000,000 are authorized. The bonds are pay- 
able in not less than 30 nor more than 40 years, and the interest 
on them and the contributions to the sinking fund necessary to pay 
them at maturity and the operating expenses for each year are 
added together by the treasurer and distributed as follows: 

Boston pays that proportion ef the whole amount that the valua- 
tion of Boston bears to the valuation of all the property i in the dis- 
trict. The remainder is distributed among the remaining cities and 
towns, one-third in proportion to their respective valuations, and 
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two-thirds in proportion to their respective populations, but with 
this exception, that the cities and towns in the Metropolitan district 
which have not yet reached the safe capacity of their works in a 
dry year and have: not applied for or received water from the 
Metropolitan Water Board, pay only one-sixth as much proportion- 
ately as the other cities and towns, that is to say, until they need 
the water, for the purpose of this calculation, their populations and 
valuations are taken at only one-sixth of the actual, while the other 
cities and towns are reckoned upon their full populations and valua- 
tions. 

Mr. Carrns. What becomes of the present sources? 

Mr. Noyes. The present sources will be utilized so far as that 
can be done, but many of them ought to be abandoned at the present 
time, and would be if other sources were available. Boston’s 
principal sources are to be taken by the Metropolitan Water Board 
for the benefit of the whole district. It will be found gradually 
that the other sources cannot be maintained, either from sanitary 
reasons or from an economical standpoint, and they will gradually 
be abandoned. But for the most part they are very insignificant, 
and although they have, up to the present time, fairly well supplied 
the district, yet the district is fast outgrowing them. 

Mr. Catrns. Are any of these places supplied by private com- 
panies. 

Mr. Noyes. Yes; some four or five of them are at the pre- 
sent time so supplied. One of the companies has signified its 
perfect willingness to give the town a bond to pay all of the cost 
that would be assessed on the town for a supply. The other 
municipalities are taking steps towards purchasing the works, so it 
is anticipated that, with possibly one or two exceptions, there will 
be no supply in the Metropolitan district operated by a private 


company. 
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OBITUARY. 


HORACE L. EATON.—City Engineer of Somerville, Mass. Died 
November 23d, 1895. Joined this Association February 
13th, 1889. 

Mr. Eaton was a native of Boston, and was educated in the Boston 
public schools, and for many years was employed by the city in con- 
nection with the City Engineer’s office. From 1870 to 1872 he was 
employed upon the high service water supply of Roxbury; upon 
surveys for water supply for Deer Island; upon the construction of 
the Chestnut Hill Reservoir for the Boston Water Works; the 
Atlantic Avenue sea wall; high service water supply for South 
Boston and Dorchester, and other works. In 1873 he was employed 
upon the construction of the Parker Hill Reservoir. In 1874 he was 
in charge of field work in connection with the Malden bridge, and 
in 1875 to 1876 he was in charge of preliminary surveys for the 
Mystic Valley sewer and on plans for bridges on Massachusetts avenue 
and Central street. In 1877 and 1878 he was employed upon the 
construction of the Mystic Valley sewer. From 1884 to 1887 he was 
engineer in the work of developing the Arnold Aboretum and Frank- 
lin and Wood Island Parks, and other similar work. In 1887 he 
was appointed City Engineer of Somerville, which position he has 
held up to the date of his death. He was a member of the Ameri- 
can Society of Civil Engineers, and of the Boston Society of Civil 
Engineers, and was secretary of the latter for five years following 
1882. 

During November, 1895, an investigation of his department was 
commenced by the City Council, and although the investigation had 
hardly commenced, and nothing of importance derogatory to the 
conduct of his office had been developed, the fact that his integrity 
had been questioned preyed upon his mind and led to the cause of 
his death. 

Mr. Eaton was noted for the thoroughness of his work, and was 
respected by a large circle of associates. 

















140 JOURNAL OF THE 


CORNELIUS F. DOHERTY.—Boston, Mass. Died November 

17th, 1895. Joined this Association February 16th, 1894. 

Mr. Doherty was employed in the service department of the Bos- 

ton Water Works from 1883 to 1892, and was Water Registrar of 
the City of Boston from 1892 to July Ist, 1895. 


FRED. I. CHAFFEE.—Superintendent of the East Providence 
Water Company, East Providence Centre, R. I. Died Nov- 
ember 28th, 1895, aged 40 years. Joined this Association 
December 14th, 1892. 

Mr. Chaffee was Superintendent of the East Providence Fire Dis- 
trict, and the plant now owned by the Water Company was built 
under his direction. He has occupied many positions of responsi- 
bility, among which was’postmaster and State constable. 
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